Introduction Interleukin-6 (IL-6) is thought to play a crucial role in the radicular pain caused by lumbar spinal stenosis. However, efficacy of inhibition of IL-6 for sciatica in patients with lumbar spinal stenosis has not been clarified. The purpose of the current study was to examine the effect of the anti-IL-6 receptor monoclonal antibody, tocilizumab, on radicular pain by its epidural administration onto spinal nerves in patients with lumbar spinal stenosis. Methods Sixty patients with low back and radicular leg pain caused by spinal stenosis were investigated. In 30 patients, we infiltrated 2.0 mL of lidocaine and 80 mg of tocilizumab onto the affected spinal nerve, and 2.0 mL of lidocaine and 3.3 mg of dexamethasone were used in 30 patients. Low back pain, leg pain, and leg numbness were evaluated during 1 month after spinal nerve infiltration.
Introduction
Radicular pain is a common symptom of lumbar disc herniation and spinal stenosis induced by mechanical compression and inflammation [17, 18] . Cytokines generated at the inflammatory site produce associated pain [12, 19, 20] . Compression of the spinal nerve roots by lumbar spinal stenosis (LSS) is a major clinical problem associated with intermittent claudication, pain, numbness, and lack of normal sensitivity [7, 24] . It has been shown that compression of the spinal nerve roots may induce neurophysiologic dysfunction, degeneration, and reduced blood flow in nerve roots in both animal models and humans [7, 24] .
Recently, cytokines such as interleukins 1, 6 (IL-1, IL-6), and tumor necrosis factor-alpha (TNF-a) have been strongly linked to radicular pain [5, 18, 24] . It has also been reported that IL-1beta, IL-6, and TNF-a had neurotoxic to dorsal root axons [21] . It has been reported that IL-6 levels in the cerebrospinal fluid of patients with radicular pain caused by lumbar spinal stenosis was significant correlated with severity of stenosis [15] . On the other hand, concentration of IL-6 was high in joint cartilage and synovium in facet joint in lumbar spinal stenosis patients compared with lumbar disc herniation patients, thus this finding suggested that inflammatory cytokines in degenerated facet joints may have some relation to the cause of pain in degenerative lumbar disorders [4] .
Tocilizumab is a humanized anti-IL-6 receptor monoclonal antibody that blocks IL-6 from binding to its receptor [11] . Several clinical trials of tocilizumab in patients with rheumatoid arthritis, both in western countries and in Japan, have shown it to have excellent therapeutic efficacy, as evaluated by the American College of Rheumatology responder rate or the disease activity score [13, 25] . However, the efficacy of inhibition of IL-6 for sciatica in patients with lumbar spinal stenosis has not been clarified.
The purpose of the current study was to examine the effect on radicular pain of epidural administration of the anti-IL-6 receptor monoclonal antibody, tocilizumab, onto spinal nerves in patients with lumbar spinal stenosis. We compared application of the tocilizumab with application of dexamethasone for the treatment of pain.
Methods
The ethics committee of our institution approved the protocol for the human procedures used in this study and informed written consent was obtained from each subject.
Patients
Patients had low back and leg pain, continuing for at least 1 month. Patients who had previously undergone spinal surgery were excluded from the study. We also excluded patients with spinal tumor, infection, or trauma. Patients were diagnosed with lumbar spinal stenosis on X-ray and magnetic resonance imaging (MRI) and by physical examination. Diagnosis by X-ray was spondylosis and spondylolisthesis (more than 3 mm of anterior slip in a normal position). The degree of spinal stenosis varied from slight to severe. MRI showed central stenosis, stenosis of the lateral recess, and foraminal stenosis. Details are shown in Tables 1 and 2 . Patients who showed monoradiculopathy were evaluated. Patients who showed cauda equine syndrome, or polyradiculopathies were excluded from the current study. If a single affected spinal nerve was found using imaging and physical examination, spinal infiltration was performed to confirm the finding. Patients were allowed nonsteroidal anti-inflammatory drugs (NSAIDs) to control low back pain and leg pain. All patients used meloxicam (10 mg meloxicam, 30 min after breakfast) before and for at least 4 weeks after epidural administration.
Epidural administration
The patients were divided randomly into two groups. The patients were randomized according to the minimization method for injection using etanercept or dexamethasone [22] . We employed sex and age as stratification factors.
Patients received a single spinal nerve block [2.0 mL of lidocaine and 80 mg of tocilizumab (Chugai-Pharm. Co., Japan), tocilizumab group; n = 30] or a spinal nerve block (2.0 mL of lidocaine and 3.3 mg of dexamethasone, dexamethasone group; n = 30). Both groups received 1.5 mL of 1% lidocaine solution into the skin to prevent pain at insertion of needle for block. Then, a 22-gauge spinal nerve-block needle was advanced obliquely to the corresponding spinal nerve under fluoroscopic control and 0.5 mL of the contrast medium Iotorolan (Schering AG, Berlin, Germany) was injected to confirm the position of the spinal nerve. Subsequently unilateral administration of lidocaine and the agent (2.0 mL of lidocaine and 80 mg of tocilizumab, or 2.0 mL of lidocaine and 3.3 mg of dexamethasone) was performed.
Pain scores
We evaluated the change in low back and leg pain before and after infiltration. To evaluate pain, the visual analog scale (VAS) score (0, no pain; 10, worst pain) was recorded before and 30 min, 3 days, 1, 2, and 4 weeks after infiltration. Oswestry Disability Index (ODI) scores were recorded before and 4 weeks after infiltration.
Subjective outcomes
At 4 weeks after injection, patients were asked to choose one of the following responses regarding their satisfaction with the treatment: (1) treatment met my expectations; (2) I did not improve as much as I had hoped, but I would undergo the same treatment for the same outcome; (3) treatment helped, but I would not undergo the same treatment for the same outcome; or (4) I am the same as or worse than I was before the treatment.
Patients underwent surgery within 6 months after epidural administration We evaluated the number of patients who underwent surgery within 6 months of epidural administration. Patients were allowed NSAIDs (10 mg meloxicam, 30 min after breakfast) to control low back pain and leg pain after epidural administration.
Complications
Deep or superficial infection including respiratory infection in both groups was evaluated. Spinal nerve injury (motor palsy or sensory disturbance) or other complications in both groups were also evaluated.
Statistical analysis
Data were compared using a Kruskal-Wallis test to compare pain scales between the two groups, a one-way ANOVA with post hoc comparisons for age, symptom duration, and follow-up; and Fisher's test was used for dichotomous/categorical variables. P \ 0.05 was considered statistically significant.
Results
Demographic characteristics of patients in both the tocilizumab and dexamethasone groups are shown in Table 1 . There was no significant difference in demographic characteristics of patients between the two groups (P [ 0.05). There was no significant difference in scores of leg pain, low back pain, and leg numbness between the two groups (P [ 0.05). Affected spinal nerves were mainly in L5 spinal nerves in both groups.
In both groups, treatment was significantly effective in attenuating leg pain, leg numbness, and low back pain 30 min after injection (P \ 0.05) (Figs. 1, 2, 3 ). For leg pain in both groups, treatment was significantly effective in attenuating the pain during the 4 weeks of testing (P \ 0.05) (Fig. 1) . VAS scores of leg pain in the tocilizumab group were significantly lower than those in the dexamethasone group at 3 days (P \ 0.01), 1 (P \ 0.01), 2 (P \ 0.01), and 4 weeks (P \ 0.05) (Fig. 1) .
For leg numbness, treatment was significantly effective in attenuating the numbness during the 4 weeks in both groups (P \ 0.05) (Fig. 2) . Leg numbness in the tocilizumab group were significantly lower than those in the dexamethasone group at 3 days (P \ 0.01), 1 (P \ 0.01), and 2 weeks (P \ 0.05) (Fig. 2) .
Both infiltrations were effective for VAS score of low back pain in both groups during the 4 weeks (P \ 0.05) ( Fig. 3) . VAS scores of low back pain in the tocilizumab group were significantly lower than those in the dexamethasone group at 3 days (P \ 0.01), 1 (P \ 0.01), 2 (P \ 0.01), and 4 weeks (P \ 0.05) (Fig. 3) . There was no significant difference in ODI scores before infiltration between the groups (P [ 0.05). The average ODI scores decreased at 4 weeks, and there was significant improvement in both groups compared with that before infiltration (P \ 0.05) (Tables 1, 3 ). There was significant improvement in ODI scores in tocilizumab group compared with dexamethasone group at 4 weeks (P \ 0.05) ( Table 3) .
Details of subjective outcomes 4 weeks after injection are presented in Table 4 . There were more patients showing better outcome in tocilizumab group compared with dexamethasone group, and less patients showing worse outcome in tocilizumab group compared with dexamethasone group.
We evaluated the number of patients who underwent surgery within 6 months of epidural administration. Six patients in the dexamethasone group and three patients in the tocilizumab group underwent surgery within 6 months of epidural administration. The proportion of patients who underwent surgery within 6 months of epidural administration was significantly higher in the dexamethasone group compared with the tocilizumab group (P \ 0.05).
Complications
There was no deep or superficial infection in either group. There was no spinal nerve injury or other complications in either group.
Discussion
In the current study, results indicate that single direct application of the anti-IL-6 receptor monoclonal antibody to the spinal nerve produced significantly more pain relief than application of dexamethasone, and produced no adverse event. IL-6 may mediate the radicular pain caused by spinal stenosis in humans.
Of the proinflammatory cytokines, TNF-a has aroused most interest as a potential target for the treatment of sciatica in patients. It has been reported that a single intravenous infusion of infliximab was effective in treating sciatic pain caused by lumbar disc herniation [8] . On the other hand, intravenous infusion of infliximab was compared to a placebo by a Finnish group that conducted the first randomized controlled trial of this inhibitor. The results were disappointing [9, 10] . Cohen et al. [2] have reported a preclinical safety study of transforaminal epidural etanercept for the treatment of sciatica caused by disc herniation in 24 patients. They found effectiveness was dependent on the dose of etanercept (4 groups). In the clinical arm of the study, significant improvements in leg and back pain were collectively noted for the etanercepttreated patients 1 month after treatment, but not for patients in the saline-treated group [2] .
IL-6 has also been detected in disc herniation tissue samples, in the cerebrospinal fluid of patients with radicular pain caused by lumbar spinal stenosis, and in joint cartilage and synovium in facet joint in lumbar spinal stenosis patients [3, 4, 15] .
IL-6 is an interesting pleiotropic cytokine produced by T-cells, monocytes, macrophages, and synovial fibroblasts. It has several functions in chronic inflammation, acute phase responses, and growth stimulation [6] . It has been reported that IL-6 haplotypes were fivefold overrepresented among Finnish sciatica patients relative to controls (patients 8.4% and controls 1.7%), and the association of IL-6 haplotypes with sciatica was highly significant [14] . Thus, these findings indicated that IL-6 may be a potential target for the treatment of sciatica in patients.
In the current study, direct application of the anti-IL-6 receptor monoclonal antibody onto the spinal nerve produced significantly more pain relief than application of dexamethasone. IL-6 has become a common modality for treating rheumatoid disease. Generally speaking, tocilizumab is used by intravenous infusion, and the intravenous infusion of tocilizumab was effective for treating rheumatoid disease. It is not clear whether systemic or direct administration of the antibody is the most effective route for sciatica. Regarding to TNF-a inhibitor, intravenous injection of infliximab was ineffective in treating sciatic pain caused by lumbar disc herniation [9, 10] . However, it has been reported that an efficacy of direct application of TNF-a inhibitor for the treatment of sciatica caused by disc herniation [2] . Cytokines are mainly expressed around or in the disc tissue, where blood supply is generally considered to be insufficient. Therefore, we believe that the supply of cytokine inhibitors is insufficient in case of systemic administration. Furthermore, we selected direct administration without systemic administration, so the current study demonstrated the no adverse event and safety of direct application of the tocilizumab onto spinal nerves.
In the current study, we compared lidocaine ? tocilizumab with lidocaine ? dexamethasone. The efficacy of steroids for nerve root injection has been reported [1, 23] . Fifty-five patients who were deemed to be surgical candidates were treated and randomized to receive either a selective nerve root injection of betamethasone 6 mg with bupivacaine or a selective nerve root injection of bupivacaine alone. This study showed that 67% of patients in the group receiving both local anesthetic and steroid avoided the need for surgical intervention, compared with 28% in the group receiving local anesthetic alone [23] . A systematic review of therapeutic lumbar transforaminal epidural steroid therapy has shown that the indicated evidence for transforaminal lumbar epidural steroid injections is both shortand long-term pain relief compared with local anesthetic alone [1] . In the current study, we showed that application of tocilizumab produced significantly more pain relief than application of dexamethasone alone. We did not examine a lidocaine only group; however, tocilizumab is probably more effective for pain than application of lidocaine alone by analogy with the previous studies.
Limitations of the current study include its small size and prospective nature, and short follow-up period of only 4 weeks. Moreover, the dose of tocilizumab was only 80 mg. We previously reported that spinal nerve infiltration using 10 mg of etanercept was effective for radicular leg pain without any adverse events. Usually, 10 or 25 mg of etanercept, or 80 mg of tocilizumab is used to treat rheumatoid arthritis patients. Therefore, we selected 80 mg of tocilizumab as the dose in the current study [16] . Furthermore, in the current study, all patients also used NSAIDs. There was a possibility that NSAIDs have the same effect as dexamethasone and that their combinational use may not offer any advantage for pain relief. On the other hand, NSAIDs in combination with tocilizumab may provide an additive effect for pain relief. For ethical reasons, it was not practical to avoid the use of pain medications completely in the current study. Further study is required to clarify these points.
In summary, based on VAS scale and ODI scores, direct application of the anti-IL-6 receptor monoclonal antibody, onto spinal nerves, reduced low back pain, leg pain, and leg numbness caused by spinal stenosis. We did not observe any adverse event in the tocilizumab administration group. Anti-IL-6 receptor monoclonal antibody may therefore be useful tool for the treatment of radicular pain caused by spinal stenosis.
